Terminalia arjuna is a medicinal plant used in ethnomedicine and the codified traditional medicine. A number of active constituents are reported, but there is no information on the whole range of gallic and ellagic acid derivatives present in this plant. A rapid and sensitive analytical method was developed using reverse phase high-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (HPLC-ESI-QTOF-MS/MS) for qualitative analysis to determine the array of bioactive phytochemicals and their variations in different plant parts viz. bark, unripe fruit, ripe fruit, leaf, root and stem. Separation was performed on a Thermo Betasil C8 column (250 mm×4.5 mm, 5μm) with a mobile phase consisted of 0.1% formic acid aqueous solution and acetonitrile at a flow rate of 0.5 mL/min in 55 min. A wide range of constituents of T. arjuna were characterized and broadly grouped as 27 gallic acid and 52 ellagic acid derivatives.
Terminalia arjuna Wight & Arn., family Combretaceae, is a wellknown ethno and traditional medicinal plant commonly known as Arjuna and found in sub-Himalayan regions of India, namely Uttar Pradesh, Bihar and mostly on the riversides of the Deccan region [1, 2] . It is known for its anti-dyslipidemic, hypocholesterolemic, anti-microbial, anti-oxidant, anti-acne, anti-helminthic, antiinflammatory, gastro protective, wound healing and insecticidal activities [1, 3, 4] . A number of gallic and ellagic acid containing compounds have been reported in T. arjuna bark [5] .
Gallic acid is reported as having anti-allergic, anti-bacterial, antineoplastic, cytotoxic, anti-mutagenic, anti-viral, astringent, antiasthmatic, and anti-oxidant properties in T. arjuna [1, 2, [6] [7] [8] . It is also speculated that tannins may be responsible for its astringent, hypotensive, wound healing and anti-microbial activities [1] . To investigate the potential health benefits of gallic and ellagic acid in T. arjuna, it is important to monitor both components, followed by simple sugar conjugates, larger gallotannins and ellagitannins [9] . High-performance liquid chromatography with quadrupole time-offlight mass spectrometry (HPLC-ESI-QTOF-MS/MS) facilitates a degree of structural elucidation with a sub ppm level of sample, which is not possible with traditional single stage mass spectrometry [10] . Hence, analysis of gallic and ellagic acid containing compounds in T. arjuna have been made by using HPLC-ESI-QTOF-MS/MS.
In order to develop a suitable LC method, several combinations of acetonitrile, methanol, water and water with 0.1% formic acid at variable flow rates and run times were optimized for better chromatographic separation. It was observed that a gradient of acetonitrile: water with 0.1% formic acid and a run time of 55 min on a C-8 column was found suitable for good resolution of the maximum number of peaks in T. arjuna leaf extract. Collision-Induced Dissociation (CID) fragmentation spectra of different polyphenols, viz. gallic acid, ellagic acid and their derivatives were also recorded. All other plant part extracts (bark, ripe fruit, unripe fruit, root and stem) were analyzed under the same conditions. Base Peak Chromatograms (BPCs) of T. arjuna are presented in supplementary Figure S1 . The LC/MS, accurate mass measurements and MS/MS data of the different phytochemicals with their distribution in various parts are displayed in Table 1 .
Gallic acid (GA) derivatives:
Twenty-seven compounds were tentatively identified as gallic acid derivatives. They were esters of gallic acid and polyol, usually glucose, flavonoids and shikimic acid. In this study, 13 gallotannins were identified as monogalloylglucose (1, 4) , digalloyl-glucose (9, 13), trigalloyl-glucose (32, 36), tetragalloyl-glucose (50, 57, 58, 63, 64), pentagalloyl-glucose (66, 71) and their isomers. They showed the characteristic fragment ions in their product ion spectra by consecutive elimination of galloyl and gallate moieties. Pentagalloyl-glucose (m/z 939.1109) produced consistent losses of galloyl (G, Δm=152) moieties to tetragalloylglucose (m/z 787.0999), trigalloyl-glucose (m/z 635.0884), digalloyl-glucose (m/z 483.078) and monogalloyl-glucose (m/z 331.0671), as shown in Scheme 1. They produced fragment ions corresponding to the loss of a gallic acid moiety (GOH, Δm=170). Fragment ions at m/z 271.0466, 169.0145 and 125.0250 were observed as cross-ring fragment ions of a glucose molecule, and deprotonated and decarboxylated ions of the gallic acid moieties, respectively [11, 12] . Compound 14 produced a [M-H]ion at m/z 169.0142 identified as gallic acid, which was further confirmed with an authentic standard [13] .
Compounds 17 and 19 produced similar [M-H]ions and MS/MS fragmentation patterns which indicated the presence of positional isomers. Fragment ions of these compounds were produced at m/z 169.0166 and 125.0267 due to deprotonated and decarboxylated ions of the gallic acid moieties, respectively. A fragment ion at m/z 137.0244 was observed by loss of gallic acid (GOH, Δm=170) and water (H 2 O, Δm=18) molecules. Ion at m/z 137.0244 underwent CO 2 loss to generate ion at m/z 93.0346. A similar fragment ion at m/z 111.0452 was observed by loss of gallic acid (GOH, Δm=170) and CO 2 (Δm=44). Hence, compounds 17 and 19 were tentatively identified as galloyl-shikimic acid isomers [14] . Trigalloyl-shikimic acid (m/z 629.0784) produced consistent losses of galloyl (G, Δm=152) moieties to digalloyl-shikimic acid (m/z 477.0675) and galloyl-shikimic acid (m/z 325.0565), as shown in Scheme 2. Hence, compounds 39, 43 and 62 were identified as the [M-H]ion of digalloyl (39, 43) and trigalloyl (62) derivatives of shikimic acid and their isomers. Figure S2A ) [15] . Compound 65, at m/z 469.0412, formed fragment ions at m/z 317.04, 169.01 and 125.02, which corresponded to the myricetin moiety, deprotonated and decarboxylated ions of the gallic acid moiety, respectively (Supplementary Figure S2B ). Hence, compound 65 was tentatively identified as myricetin-3-O-gallate. Compound 69, at m/z 583.1093, produced fragment ions at m/z 431.0982 and 269.0465 due to loss of galloyl and galloyl hexoside group, respectively. Fragment ions at m/z 341.0631 and 311.0540 appeared due to cross ring cleavage of the hexose moiety, while the ion at m/z 169.0127 corresponded to a galloyl group which indicated the presence of vitexin-2"-Ogallate (Supplementary Figure S2C ).
Ellagic acid (EA) derivatives:
Fifty-two compounds were identified as ellagic acid derivatives. They are esters of hexahydroxydiphenic acid (HHDP: 6,6′-dicarbonyl-2,2′,3,3′,4,4′-hexahydroxybiphenyl) and a polyol, usually glucose, and in some cases gallic acid. They were distinguished by their characteristic fragment ion spectra yielding sequential losses of galloyl (m/z 152), gallate (m/z 170), and HHDP residues (m/z 301).
In the MS/MS spectrum, compound 2 produced a [M-H]ion at m/z 481.0624 and generated fragment ion at m/z 421.04 by cleavage of a glucose ring, m/z 300.99 corresponding to an HHDP residue, and m/z 275.02 by decarboxylation of the HHDP moiety [16] . Hence, compound 2 was identified as HHDP-glucose. Similarly, three compounds, 7, 24 and 31, at m/z 783.0686 were identified as diHHDP-glucose (pedunculagin) isomers, which produced a fragment ion at m/z 481.0897 corresponding to HHDP-glucose, 300.9969 corresponding to the HHDP residue, and 275.02 by decarboxylation of the HHDP moiety in the MS/MS spectrum [16] . As expected for castalin and vescalin, known compounds in T. arjuna, two peaks were expected at m/z 631.0577, but only one was observed, that of compound 3. Therefore, compound 3 was tentatively identified as either castalin or vescalin [17] . Two compounds 5 and 20 at m/z 781.053 were identified as their [M-H]ion and MS/MS pattern were similar to those of punicalin isomers (α/β-isomer) [5] . In reverse phase HPLC, the β-isomer elutes before the α-isomer, therefore, compound 5 was tentatively identified as punicalin (punicalin β) and compound 20 as isopunicalin (αisomer).
Galloyl-HHDP-gluconate, HHDP-galloyl-glucose, digalloyl-HHDP-glucose, trigalloyl-HHDP-glucose, trisgalloyl-HHDP-glucose and their isomers were tentatively identified by their relevant fragments [13] .
Five compounds, 18, 21, 26, 46 and 51, showed a [M-H]ion at m/z 933.064 in which two compounds 18 and 46 generated similar MS/MS fragmentation patterns corresponding to castalagin and vescalagin (stereo isomers), known compounds in T. arjuna. They produced fragment ions at m/z 915.0514, 631.0551, and 613.0444 by loss of a water molecule, an ellagic acid residue, and a water molecule followed by ellagic acid, respectively, and m/z 300.9968 corresponded to the ellagic acid ion [17] . Two compounds, 21 and 26, at m/z 933.064 produced similar MS/MS fragmentation and were tentatively identified as isomers of either 2-O-galloylpunicalin or 3-O-galloylpunicalin. Compound 51 was tentatively identified as terflavin C based on reported MS/MS fragments [1, 18] . Compound 22 at m/z 1085.0749 generated fragment ions at m/z 933.0587, 783.0667 and 631.0539 by loss of a galloyl residue, HHDP and HHDP followed by a galloyl residue. Fragment ions at m/z 450.9919 and 300.9973 corresponded to an ellagic galloyl residue and a gallic acid residue, respectively. Therefore, compound 22 was tentatively identified as terflavin A [18] .
Two compounds 37 and 56 at m/z 935.0796 were distinguished by their MS/MS pattern as casuarinin and casuarictin [16] . Compound 37 generated a strong ion resulting from loss of water at m/z 917.0700 (46% intensity), due to opening of the glucose ring structure (C-glucoside rather than O-glucoside) and a fragment ion at m/z 873.0821 due to loss of a water molecule, followed by CO 2 . Thus, compound 37 was identified as casuarinin. A low intensity (7%) peak of compound 56 was observed due to loss of a water molecule, while loss of an HHDP residue was observed as a strong ion (93%) at m/z 633.0746. Therefore, compound 56 was tentatively identified as casuarictin (Supplementary Scheme S1).
Three compounds, 47, 53 and 66, were observed at m/z 447.0569. In the MS/MS spectrum of compounds 47 and 53, fragment ions at m/z 299.9989 and 300.9964 were produced due to an ellagic acid moiety [13, 18, 19] . Therefore, compounds 47 and 53 were tentatively identified as ellagic acid rhamnopyranoside isomers. Compound 66 generated fragment ions at m/z 315.0198 and 299.9908 due to methyl ellagic acid and ellagic acid ions, respectively. Therefore, compound 66 was tentatively identified as methyl-xylopyranosyl-ellagic acid [5] . Compounds 48, 54 and 55 at m/z 433.0412, 275.0197 and 600.9896 were tentatively identified as ellagic acid-pentoside, 3,4,8,9,10-pentahydroxydibenzo[b,d]pyran-6-one and gallagic acid, respectively, on the basis of their exact mass, fragmentation patterns and with literature support [5] .
Compound 59 was tentatively identified as dehydro-galloyl-HHDPhexoside and confirmed by the product ion spectrum as mentioned in the literature [13] . Two compounds 73, 75 at m/z 461.0725 were observed with different MS/MS fragmentation patterns. Compound methyl ellagic acid ion, which also indicated the loss of a rhamnopyranosyl unit, and m/z 299.9857 by loss of a methyl radical from the fragment ion at m/z 315.0095 (Figure 1 ). Therefore, compound 73 was tentatively identified as methyl-(rhamnopyranosyl)-ellagic acid. Compound 79 at m/z 545.0937 produced fragment ions at m/z 315.0117 and 314.0038 for the methyl ellagic acid ion and loss of a proton from the methyl ellagic acid ion, respectively. The fragment ion at m/z 485.0683 was generated by loss of acetic acid and the simultaneous loss of a methyl radical at m/z 470.0464 (Figure 1) . Therefore, compound 79 was tentatively identified as methyl-diacetyl-rhamnopyranosylellagic acid. 
